Background: nutritional studies in developing countries tend to focus on •women of reproductive age and children. Little is known about the diet or nutritional status of elderly Africans. Objective: to record the diet, anthropometric, haematological and biochemical measurements which might reflect nutrition and social factors in a group of elderly Zimbabweans. Design: cross-sectional community survey. Setting: a remote rural area in north-eastern Zimbabwe and two urban townships located approximately 80 km from Harare. Subjects: 278 subjects (154 women, 174 rural), aged >60 years (range 60-92), living at home. Method: subjects were selected by random cluster sampling. Diet was assessed by a food frequency questionnaire. Anthropometric measurements were body mass index (BMT), waist : hip ratio (WHR), triceps and subscapular skinfold thickness (SFT). Laboratory analysis included serum albumin, calcium, haemoglobin, alkaline phosphatase (ALP), cholesterol, triglycerides, vitamin B12 and red blood cell folate levels. Results: the staple diet was maize meal and vegetables; 74 (27%) ate a protein-containing meal less than once a week; 135 (49%) took milk less than once a week and 27% had serum Ca 2+ < 2 mmol/1. The frequency of eating meat, milk, bread and fried food varied with income and education and declined with age. For all anthropometric measurements median values were higher in the urban area (BMI 21.1 vs 18.3, WHR 0.98 vs 0.9, triceps SFT 10 vs 6.7 mm; P < 0.001 for all) and related to the frequency of eating meat and fried food. The BMI was higher in those with more years of education. Within the rural area physical measurements were higher in a more prosperous area. Serum lipid concentrations were higher in urban residents (median cholesterol 4.4 vs 3-9 mmol/1, triglycerides 1.8 vs 1.5 mmol/1; P < 0.001 for both) and correlated with BMI, WHR and triceps SFT. Vitamin B12 concentrations were higher in urban residents, whereas folate concentrations were higher in rural residents. Conclusions: dietary patterns, anthropometric measurements and biochemical values in a group of randomlyselected elderly Zimbabweans are influenced by area of residence, age, income and educational level.
Introduction
In the developed world the commonest nutritional problem in adulthood is obesity [1, 2] , although in elderly people undernutrition is an increasingly recognized problem [3] and is associated with increased mortality [4] and worse morbidity after acute illnesses [51. Little is known about the nutritional status of elderty people in the developing world. Although undernutrition has always been considered to be the predominant problem in these areas, the main focus has been on the nutritional status of children and of pregnant and lactating women [6, 7] . In Africa there have been few studies on diet or nutritional status in the elderly population [8] [9] [10] .
The pattern of nutritional disorders in old age in the developing world is further complicated by sociological changes which are taking place, with a shift from traditional to Westernized lifestyles. Changes in diet and its implications for health are part of this transition [11, 12] .
The aim of this study was to document the diet and nutritional status of healthy, elderly Zimbabweans in rural and urban settings. Factors, such as age, gender, income and level of education, which might influence nutritional status, were investigated and ranges of biochemical and haematological variables •which may reflect nutritional status were established.
Method Subjects and location
This project was part of a larger survey of health in elderly people carried out in Zimbabwe between October 1994 and March 1995. The geographical characteristics and sampling method of the study population have already been described in detail [13] . In summary, 278 subjects aged over 60 years (154 female and 124 male) were recruited using a random cluster sample design •within a rural district in north-eastern Zimbabwe called Uzumba-MaramhaPfungwe and in high-density residential areas in Bindura (population 21 167) and Marondera (population 39 384). Uzumba-Maramba-Pfungwe lies between 245 and 100 km from Harare and the two urban locations are approximately 80 km from Harare. Within the rural area diet and physical measurements were not homogeneous, Uzumba district having some features similar to the urban population. Uzumba has a high level of rural development with higher income per capita, more households with protected wells and ventilated pit latrines and more years of education of its population when compared with the poorer rural areas. These differences are described in more detail elsewhere [14] . For this reason, in some analyses, subjects living in Uzumba have been regarded as a separate group (designated rural area IT), -with Maramba/Pfungwe as rural area I.
Selected subjects were visited in their home by one of two specially trained research nurses who carried out a structured interview and physical examination, in private, in order to complete a detailed questionnaire. The following morning a fasting, venous blood sample was taken. No subject refused to participate. One subject failed to complete the questionnaire as she was called to a funeral. Physical data were incomplete for nine subjects and blood analyses absent or incomplete for 23 subjects.
Dietary history
Diet •was assessed by a food frequency questionnaire (Appendix 1) [15] . The questionnaire •was developed with the hospital dietician in die main teaching hospital in Harare and was piloted in 1988 [8] . It was designed to assess how frequently subjects were eating foods from the major food groups and the extent to which their diets contained 'Westernized' style foodstuffs such as fried food, tinned food, refined sugar or other processed foods. Approximate alcohol intake •was calculated in mg alcohol/week by quantifying the frequency of drinking, the type of alcoholic drink and the volume consumed per sitting.
Physical examination
Subjects were weighed in light clothing to the nearest 0.5 kg and their height recorded to the nearest 0.5 cm. These data were used to calculate the body mass index (BMI; height/weight 2 ). Skinfold thickness (SFT) was measured using Harpenden skinfold callipers (British Indicators Ltd) at the triceps and subscapular sites using defined anatomical landmarks [16] . The mean of 3 measurements at each site was calculated. All SFT analyses •were carried out with both triceps and the sum of triceps and subscapular. Results •were similar whether triceps or triceps and subscapular measurements were used. Association with other variables was stronger for the combined SFT so data are presented for SFT (triceps and subscapular) unless otherwise stated. The waist and hip circumference •were measured to the nearest 0.5 cm at the umbilicus, iliac crest and greater trochanter so that the waist: hip ratio (WHR) could be calculated. Results were very similar whether the iliac crest or greater trochanter ratio was taken; however, as the WHR based on the greater trochanter measurement consistently showed stronger associations with other parameters, results are presented for the greater trochanter WHR only.
Biochemical and haematological analysis
Analysis included measurement of haemoglobin, serum vitamin B12, red blood cell folate, serum cholesterol, triglyceride, albumin, calcium, phosphate and alkaline phosphatase (ALP), aspartate transaminase and 7-glutaryi transferase.
Data handling and statistical methods
The variables of weight, BMI, SFT, albumin, triglycerides, calcium, phosphate, aspartate transaminase, 7-glutaryl transferase, B12 and folate were non-normally distributed. Frequency comparisons were made using the x 2 -test. For normally distributed variables, between-group differences in means were analysed by Student's West. For non-normally distributed variables, between-group differences were analysed using the Mann-Whitney or Kruskall-Wallis tests, as appropriate. Comparison between continuous variables was made by regression analysis. Table I . Frequency of consumption of major food items in urban and rural areas (21) 7 (4) 42 (24) 172 (99.4) 41 (24) 32 (18.4) 18 (10) 10 (6) 171 (99) 14 (8) 173) Weekly 24 (14) 31 08) 58 (33) 57 (33) 87 (50) 1 (0.6) 50 (29) 36 (21) 36 (21) 46 (26) 1 (0.6) 27 (16) Monthly 63 (36) 44 (25) 41 (24) 43 (25) 33 (19) 0 47 (27) 55 (32) 42 (24) 49 (28) 1 (0.6) 46 (26) Less often 86(49) 93 (53) 37 (21) 66 (38) 11 (6) 0 35 (20) 47 (27) 75 (43) (1) 5 (5) 12 (12) 104 (100) 53 (51) 40 (39) 36 (35) 47 (45) 102 (98) 9 (9) = 104) Weekly 42 (40) 29 (28) 16 (15) 31 (30) 62 (60) 0 31 (30) 25 (24) 26 (25) 24 (23) 0 14 (14) Monthly 47 (45) 50 (48) 34 (33) 28 (27) 29 (28) 0 10 (10) 14 (14) 18 (17) 26 (25) 1 (1) 29 (28) Less often 9 (9) 25 (24) 53 (51) 40 (39) 1 (1) 0 10 (10) 19 (18) 24 (23) 7 (7) 1 (1) 47 (45) 1 Sum of percentages may not equal 100% due to rounding. b Differences found between rural and urban areas.
Results
The mean (range) age of the subjects was urban 68.9 years (range 60-92) and rural 72.5 years (range 60-92; P < 0.001 for rural/urban difference). There was no age difference between the sexes, with each having a mean age of 71.2 years. In the rural area 97% of respondents were Shona Zimbabweans. In the urban area only 49% belonged to the Shona tribe, the rest having emigrated from neighbouring countries (mean time since migration 48 years, range 29-64).
Diet
The frequency with which food items were eaten is documented in Tables 1 and 2 . Rice and potatoes were infrequently eaten, with 80% of rural and 40% of urban subjects eating them less than once a month. Over 90% of subjects ate cakes, sweet biscuits and tinned food less than once a month. Sugar was eaten daily by most subjects (n = 261). Only seven stated that they never ate it: four in the rural area and three in the urban area. Two of these were known to have diabetes. 
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Variation with area is evident both between rural and urban subjects and within the rural area when Uzumba is compared with Maramba/Pfungwe. The frequency of eating meat, any protein and bread all declined with age; however, the rural/urban differences were not accounted for by the age difference between the populations. Frequency of eating meat, any protein and bread was also related to mean annual cash income. There were no gender differences in the frequency of consumption of any of the dietary items.
Milk (fresh or sour) was the major source of calcium. However, 59% in the rural area and 32% in the urban area took milk less than once a week. Tinned milk was not consumed by any subject. In the rural area the frequency of milk drinking was related to whether the subject owned cattle and in all areas the frequency of milk drinking was related to cash income.
The most popular alcoholic drink was opaque beer, although 240 (86%) drank alcohol less than once a week. For those who drank more often, there was no difference in age, sex or area of residence but, in these subjects, the mean amount consumed was higher in the urban area (1080 vs 175 mg/week, P < 0.0001).
Many of the subjects had had little or no formal education (157 had never been to school, a further 38 had less than 5 years education) and most were unable to read or write [17] . The frequency of eating meat, bread, milk and fried food were all significantly higher in those with more years of education.
Despite the reported differences in diet between the rural and urban elderly groups and the objective confirmation of this by anthropometric measurements, the urban elderly population were more likely to report that they had inadequate food (urban 49%, n = 51 vs rural 34.7%, n = 60, P < 0.05).
Anthropometric measurements
The median and range of measurements by area are shown in Table 3 -Within the rural area results were not uniform; for all parameters the values for rural area n were intermediate between those for rural area I and the urban area. BMI and SFT correlated positively with income (r = 0.2, P < 0.005 and r = 0.14, P < 0.05 respectively), BMI, SFT and WHR all related significantly to the frequency of eating meat and fried food and BMI was significantly higher in those with more years of education (r = 0.16, P < 0.01).
BMI, SFT and WHR all showed a significant decline with age (r = 0.29, P< 0.001; r = 0.l6, P<0.01; r = 0.13, P < 0.05 respectively). Men were taller and heavier than women. There was no gender difference in BMI or WHR, although 13 of the 16 with WHR >1.1 were female.
Dentition and chewing
One hundred subjects (36%) had difficulty chewing. This related to the number of teeth: 48 subjects had a full set, 53 had fewer than 10. The number of teeth declined with age, was lower in the rural area and was significantly related to BMI. Only three subjects wore dentures.
Biochemical markers of nutrition
Biochemical measurements are presented in Table 3 Regression analysis showed no significant variation of any of these variables with age. Variables which varied with area are summarized in Table 4 . For reasons which are not readily apparent, serum albumin was higher in rural subjects. This unexpected finding of higher albumin levels in rural residents has been noted previously in the Public Health Laboratories in Harare (Z.A.R.G., unpublished results). Variations in serum albumin were not related to BMI or SFT measurements. Twenty-one subjects (12.5%) had serum albumin < 35 g/dl; this small subgroup did not differ in their anthropometric measurements. Mean haemoglobin was lower in women than men (131 ± 15 vs 13-9 ± 1.9 g/dl, P< 0.001). Haemoglobin and serum albumin were positively correlated (r = 0.29, RBC, red blood cell The upper and lower limits of sensitivity are 2000 and 35 pg/ml respectively. ""Serum calcium corrected to a serum albumin value of 40 g/1. C P < 0.005, d P < 0.05 compared with rural, *P < 0.05, 'P < 0.01 and g P < 0.001 compared with rural area I.
P < 0.001). Vitamin B12 was lower and folate higher in rural residents. Red blood cell folate was highest in the prosperous rural area (Table 4 ). This may reflect the availability of fresh vegetables in Uzumba, which is one of the main market gardening areas in Zimbabwe, and is consistent with the higher frequency of eating fruit in that area (Table 2) . Serum cholesterol and triglyceride varied with area (Table 4) , correlated positively with BMI, SFT and WHR (r > 0.3, P < 0.001 for all) and were significantly higher in those who ate fried food more frequently.
Sixty-eight subjects (26.8%) had a corrected serum calcium concentration of <2 mmol/1 (corrected to albumin 40 g/1 by 0.02 mmol/1 Ca 2+ per g albumin; normal range 2.2-2.6mmol/T). Serum Ca 2+ was positively associated with ALP (r = 0.17, i><0.01) but did not show any correlation with serum phosphate. The range of values for alkaline phosphatase concentration were higher than the manufacturers' suggested adult normal range (36-92 IU/dl), 128 subjects having ALP > 92 IU/dl. Higher ALP values in elderly people have been reported [18] and the normal range for adult Zimbabweans has been found to be higher than the manufacturers' suggested normal range (although this has not been formally documented). The ALP did not vary with the liver enzymes aspartate transaminase and 7-ghitaryi transferase, although ALP was negatively correlated with serum albumin concentration.
Discussion
This study has documented the diet and nutritional status of a group of healthy elderly Zimbabweans living in rural and urban environments. The period of data collection followed an adequate rainy season (1993-94).
Assessment of dietary intake in elderly subjects is difficult. In this study weighed diets or accurate food diaries were not feasible. Self-reported frequency of eating various foods is a simple form of dietary assessment [15, 19] , but it does not allow accurate calculation of daily nutrient intake which could be compared with international recommendations. It may also be influenced by recall bias. Our dietary questionnaire required broad answers which should facilitate correct answering, and the finding of relationships between self-reported diet and objective physical and biochemical measurements adds validity to this method of assessment.
Many elderly people had a low protein intake. A similar study in Southern India reported that 60% of the Indian elderly population ate protein daily in the form of pulses [19] , but the frequency of eating meat in the present study was much less than that reported in a smaller sample carried out in Zimbabwe in 1988 [8] . Although the discrepancy between the two Zimbabwean studies may reflect methodological differences, particularly in the geographical location and the ages of the study subjects, it could reflect a true change in dietary pattern in parallel with economic recession which has occurred during that time.
In the developed world, income and educational level are inversely correlated with adequacy of nutrition in elderly people [3, 20, 21] . In Zimbabwe both income and education influence the frequency of eating certain foodstuffs-particularly meat, protein, bread, milk and fried food. The frequency of eating these foods also declines with age, which may reflect declining income or increasing physical infirmity and inability to grow foodstuffs. Most subjects in both rural and urban areas grew the maize and vegetables they ate.
As in other African studies [22] , many subjects ate calcium-containing foods infrequently. Over one-quarter had low serum calcium concentrations and those who never drank milk had the lowest concentrations. Osteomalacia is rare in our population because of exposure to sunlight. The very low calcium concentrations in some subjects raise the possibility of osteomalacia, but measurement of serum phosphate and alkaline phosphatase did not clarify the position. Future studies-including more accurate calcium balance and measurement of vitamin D and parathyroid hormone concentrations-could be interesting.
Chewing was a problem in over one-third of our subjects, many having few teeth. Difficulty with chewing is a risk factor for malnutrition [23] , so it is of interest to note the association between number of teeth and BMI, independent of age. Whether having few teeth predisposes to malnutrition or is a reflection of it, or whether both relate to another factor or factors, is uncertain.
It is not possible from our dietary data to say whether our subjects had adequate nutrition. Using weight BMI, SFT and WHR ranges denned in younger adult populations in the developed world [1, 23, 24] , between 50 and 86% of our elderly subjects fulfil physical criteria for malnutrition. However, the application of these criteria to an exclusively elderly population in a developing country is inappropriate. The mean values for BMI, SFT and WHR in our study are similar to those in rural elderly subjects in The Gambia [10] , Botswana [9] and Uganda [25] , and urban elderly subjects in Nigeria [26] . This highlights the need for the development of local reference standards for older people, and for studies to relate these to mortality, so that intervention programmes can be targetted at subjects whose undernutrition may put them at risk.
Our data demonstrate that, particularly among urban women, obesity is a problem, hi the developing world obesity is associated with increased mortality [1] , but this has not been established in Africa, nor is it necessarily true in the elderly [4, 27] , although increased WHR did predict mortality from cardiovascular disease in older men and women [28, 29] .
Neither serum albumin nor haemoglobin concentrations showed any association with dietary or anthropometric measurements. We have denned the range of values found in a sample of elderly people living in the community. The only biochemical measurements that related to both diet and physical parameters were serum cholesterol and trigryceride. Cholesterol levels of <l60mg/dl may indicate undernutrition [30] , This would include nearly all our subjects and is not a useful indicator. Of interest are those with high lipid concentrations: 38 (14%) had serum cholesterol >52 mmol/1, five had cholesterol >6.5mmol/l and 76 (29-3%) had triglycerides >2 mmol/1. This study has documented, dietary patterns, anthropometric measurements and biochemical values in a group of supposedly healthy elderly Zimbabweans. These data are influenced by area of residence, age, income and educational level. There are differences between rural and urban subjects and within the rural area. Although transitional lifestyle changes may be important, the urban population contained many immigrants and the rural/urban differences may reflect genetic and cultural differences. Within the rural area, however, all subjects belonged to the same tribe, so these factors do not apply. In these subjects it seems that greater rural development may be contributing to, as yet undocumented, lifestyle changes, with changes in eating patterns and physical and biochemical nutritional markers. Documentation of such changes in prospective studies is now needed. If this relationship is confirmed, health education in conjunction with improved social circumstances will be needed to ensure that dietary transition means transition to the right kind of nutrition.
Key points
• There have been few studies on diet and nutrition in older Africans.
• In Zimbabwe, the staple diet is maize and vegetables, which people grow themselves.
• One-quarter of older subjects eat protein, and half drink milk, less than once a week.
• Urban elders have a higher body mass index, waist:
hip ratio, triceps skinfold thickness and serum lipid and B12 concentrations than do rural elders. • Rural elders have higher folate concentrations.
